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Inventors 

Weinan Gao 

Background Of The Invention 

[001] 1. Field of the Invention. 

[002] This invention relates generally to radio frequency ("RF") receivers and in 
particular to direct-conversion receivers with direct current ("DC") offset correction. 
[003] 2. Related Art. 

[004] In today's society, telecommunications systems are evolving at a rapid pace in 
response to the demands of society for more wireless communication systems, higher 
performance entertainment medium transmissions (via airwave, wired or satellite based) 
and broadband access whether wired or wireless. This evolution typically involves 
improving the performance of the communication system receivers or transceivers (i.e., 
which includes a receiver) while at the same time simplifying their manufacture. 
[005] Integrated circuit ("IC") technology has lead to numerous advances in receiver 
technology through both transistor scaling and layout by increasing the density of active 
circuits that may be integrated into a receiver. Additionally, there are numerous 
architectural approaches for designing the receivers. At present, the two most commonly 
utilized architectural approaches include superheterodyne receivers and direct-conversion 
receivers. 

[006] FIG. 1 shows a superheterodyne receiver 100, which is an architecture 
typically utilized in most telecommunication applications. It is therefore appreciated by 
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those skilled in the art that superheterodyne receiver architectures are well known in the 
art. In FIG. 1 5 the superheterodyne receiver 100 may include a radio frequency ("RF") 
section 102, mixer 104, intermediate frequency ("IF") section 106, demodulator 108 and 
local oscillator ("LO") 110. In operation, an input signal 1 12 is first amplified by the RF 
section 102 and then mixed down to an IF frequency by mixer 104 utilizing a frequency 
reference 114 produced by the LO 110. The mixed output 116 is then filtered and 
potentially amplified by the IF section 106 and demodulated by demodulator 108 
producing a baseband signal 118. 

[007] Direct-conversion receivers (also generally known as "homodyne" receivers) 
differ from superheterodyne receivers by eliminating the IF section 106 and are therefore 
typically known as "zero-frequency" receivers. A direct-conversion receiver operates by 
performing a direct conversion on a received RF signal producing a baseband signal. The 
direct-conversion receiver utilizes a mixer that mixes the received RF signal with a 
frequency signal produced by a LO operating at a frequency that is approximately equal 
to the RF frequency. 

[008] In FIG. 2, an example implementation of a direct-conversion receiver front- 
end 200 is shown. An input RF signal 202 is received by an amplifier 204 (such as a 
low-noise amplifier generally known as a "LNA"). The amplifier 204 amplifies the input 
RF signal 202 to produce an amplified signal 206 that is input into two mixers 208 and 
210. The mixers 208 and 210 then mix the amplified signal 206 with a reference signal 
212 and phase-shifted signal 214 produced by a local oscillator 216 and quadrature (i.e., 
90 degrees) phase-shifter 218. The reference signal 212 has a frequency that is 
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approximately centered at the channel frequency of the received input RF signal 202. A 

quadrature phase-shifter 218 produces the phase-shifted signal 214 by phase shifting the 

reference signal 212 by approximately 90 degrees. 

[009] The mixer 208 produces in-phase ("I-channel") output signal 220 and mixer 
210 produces quadrature-phase ("Q-channel") output signal 222. The in-phase output 
signal 220 is then filtered with a low-pass filter ("LPF") 224 to produce the in-phase 
output signal 226. Similarly, the quadrature-phase output signal 222 is filtered with LPF 
228 to produce the in-phase output signal 230. 

[010] Unfortunately, direct-conversion receivers have a number of problems that 
include spurious LO leakage, distortion and direct current ("DC") offset. Of these 
problems, typically the DC offset is the most serious because the DC offset may appear in 
the middle of the down-converted signal spectrum and may be larger than the received 
signal itself Additionally, the DC offset is typically larger than the thermal and flicker 
noise. The DC offset is unavoidable because it is caused by the transistor level amplifiers 
and filters due to mismatches in the signal path and spurious LO leakage. 
[011] Spurious LO leakage in a direct-conversion receiver is typically caused by the 
LO 216 being tuned to approximately the center frequency of the received RF signal 202. 
As a result, some LO energy may make its way back through the mixers 208 and 210 and 
amplifier 204, and travel out via the signal path of the received RF signal 202 (potentially 
an antenna or transmission line). This LO energy may then become an in-band interferer 
with other receivers (not shown) that are tuned to the same frequency. 
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[012] If LO energy is reflected back from the signal path of the received RF signal 
202 (as shown in reflected LO energy paths 232 and 234), the LO energy will again enter 
the mixers 208 and 210 and self-down-convert to produce DC output signals (not shown) 
at the output of the mixers 208 and 210 and input to the baseband section of the direct- 
conversion receiver. This LO leakage may result in a large DC offset because of self- 
mixing. The LO leakage may often be in the order of several tens of millivolts at the 
input of the baseband section. This may drive any active components within the 
baseband section out of their dynamic range causing distortion to the desired baseband 
signals. As a result, it is typically difficult to achieve high performance in integrated 
direct-conversion receivers because of the effects of the DC offset problem. 
[013] As an example, a typical high-performance satellite receiver may have a large 
gain in the range of approximately 40 to 70 decibels ("dB") within its the baseband 
section. Such a large gain in the baseband typically amplifies any received DC offsets 
and intrinsic circuit DC offsets to a signal level that may saturate the baseband circuitry 
in the satellite receiver. The saturated circuitry may resultantly generate harmonics and 
inter-modulation tones that would unfortunately increase the implementation loss of the 
satellite receiver. Therefore, in order to improve the performance of direct-conversion 
receivers, there is a need for a system and method capable of correcting for the DC offset 
produced in direct-conversion receivers. 

[014] An attempted solution in the past included removing the DC offset by 
capacitive coupling (also known as alternating current "AC" coupling) the baseband 
section of the direct-conversion receiver. This approach typically introduces AC 
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coupling in the down-converted signal path to build a high-pass filtering section to block 

the DC offset and usually requires a large external capacitor to produce a low high-pass 

corner frequency for negligible signal loss. Unfortunately, large capacitors may lower 

the response time of the direct-conversion receiver. Additionally, large capacitors in a 

direct-conversion receiver would make implementing the direct-conversion receiver 

within a monolithic IC difficult because typically large capacitors consume 

correspondingly large areas of the IC. 

[015] The input impedance of the baseband section may determine the corner 
frequency but usually large variations of the input impedance may also make it difficult 
to control the value of the corner frequency. Furthermore, the DC offset in the baseband 
section, after AC coupling, is not eliminated and this typically limits the total allowable 
gain allocated to the analog baseband section. Additionally, multiple AC couplings in the 
baseband section may reduce the robustness of receiver system design. 
[016] An attempted solution to the problems associated with the AC coupling 
approach is shown in FIG. 3. In FIG. 3, a DC offset correction servo-loop 300 is shown 
with a negative feedback loop that loops around the baseband section 302 where the 
feedback loop may include a resistive and capacitive ("#C") integrator 304. The 
baseband section 302 may include a LPF 306 and a low-noise variable-gain amplifier 308 
("LNA-VGA"). The integrator 304 may include an amplifier 310 (such as an operational 
amplifier "Op Amp") with a pair of capacitors (each of value "C") 3 12 and 3 14 and a pair 
of resistors (each of value "7?") 316 and 318 configured as an integrator. 
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[017] 



As an example of operation, if the baseband section 302 has a forward gain of 



Aff 9 the resulting high-pass transfer function for the DC offset correction loop 300 would 
be defined by the following relationship: 



where Vj is the input voltage 320 of the baseband section 302, V 0 is the output voltage of 
the baseband section 302, and "s" is the well-known Laplace transform operator, which is 
equal to a + jco. Additionally, the 3 dB high-pass corner frequency for the DC offset 
correction loop 300 would be defined by the following relationship: 



[018] Unfortunately, while this approach does help compensate for DC offset in a 
direct-conversion receiver in some situations, it does so by typically requiring higher 
resistor R and capacitor C values for low corner frequencies because of the effects of the 
forward gain Ag. As a result, large external resistors and capacitors are usually required 
which in turn increases the overall direct-conversion receiver cost. Additionally, the DC 
offset resulting from the feedback path impairment typically will be amplified by the 
forward gain Ajf\o the point of potentially causing the feedback correction to fail. 
[019] Therefore, there is a need for a system and method that improves upon the 
performance of current known direct-conversion receivers by correcting for DC offset. 
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Summary 

[020] A DC offset correction system for a direct-conversion receiver is disclosed. 
The DC offset correction system may include a DC feedback correction servo-loop in 
signal communication with a baseband section, where the DC feedback correction servo- 
loop is coupled to both the input and output of the baseband section. The DC offset 
correction system may also include an attenuator within the DC feedback correction 
servo-loop. The attenuator is capable of generating an attenuation coefficient kjb. The 
DC feedback correction servo-loop may also include an integrator circuit in signal 
communication with the output of the baseband section and a combiner circuit in signal 
communication with the input of the baseband section. 

[021] In an example operation, the DC offset correction system may perform a 
method that processes a received baseband output signal from the output of the baseband 
section to create a processed feedback signal, attenuates the processed feedback signal 
with an attenuation coefficient kjb to create an attenuated feedback signal, and transmits 
the attenuated feedback signal to the input of the baseband section. 
[022] Other systems, methods, features and advantages of the invention will be or 
will become apparent to one with skill in the art upon examination of the following 
figures and detailed description. It is intended that all such additional systems, methods, 
features and advantages be included within this description, be within the scope of the 
invention, and be protected by the accompanying claims. 
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Brief Description of the Figures 
[023] The components in the figures are not necessarily to scale, emphasis instead 
being placed upon illustrating the principles of the invention. In the figures, like 
reference numerals designate corresponding parts throughout the different views. 
[024] FIG. 1 is a block diagram of a prior art superheterodyne receiver. 
[025] FIG. 2 is a block diagram of a prior art example implementation of a direct- 
conversion receiver front-end. 

[026] FIG. 3 is a block diagram of prior art example implementation of a direct- 
current ("DC") offset correction servo-loop for correcting for DC offset in the direct- 
conversion receiver front-end shown in FIG. 2. 

[027] FIG. 4 is a block diagram of an example implementation of a direct- 
conversion receiver utilizing a DC-offset Correction System. 

[028] FIG. 5 is a block diagram of another example implementation of the DC- 
offset Correction System within the direct-conversion receiver shown in FIG. 4. 
[029] FIG. 6 is a block diagram of an example implementation of the attenuator 
shown in FIG. 4 and FIG. 5. 

[030] FIG. 7 is a plot showing the overall frequency response for the DC-offset 
Correction System shown in FIG. 5. 



Detailed Description 

[031] This invention discloses a direct-current ("DC") offset correction system 
(referred to herein as a "DC-offset Correction System") that corrects for the DC offset 
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present in direct-conversion receivers. Generally, the DC-offset Correct System utilizes 

an improved DC feedback correction servo-loop that applies an attenuation coefficient in 

the feedback path. 

[032] In FIG. 4, an example implementation of a direct-conversion receiver 400 
utilizing a DC-offset Correction System 402 is shown. The direct-conversion receiver 
400 may include the DC-offset Correction System 402 and a baseband section 404, LNA 
406, mixer 408, and LO 410. The baseband section 404 may include a LPF 412 and 
VGA-LNA 414 and the DC-offset Correction System 402 may include an integrator 416, 
attenuator 418, combiner 420 and optional controller 421. The DC-offset Correction 
System 402 is a DC feedback correction servo-loop capable of producing an attenuation 
coefficient kjt within the DC feedback correction servo-loop with the attenuator 418. 
[033] It is appreciated by those skilled in the art that FIG. 4 is a top-level block 
diagram of the direct-conversion receiver 400 where the individual quadrature I and Q 
channel paths are not shown for simplicity purposes. However, it also appreciated that 
the LO 410 is capable of producing a quadrature frequency reference with the assistance 
of a quadrature phase-shifter (not shown) and that the mixer 408 is actually a pair of I and 
Q mixers producing I-channel and Q-channel outputs that are processed by both the 
baseband section 404 and DC-offset Correction System 402. 

[034] As an example of operation, the direct-conversion receiver 400 receives an 
input RF signal 422 from an input transmission line (not shown), which may be a strip- 
line, wire, coaxial cable, waveguide, fiber optic line (in the case of a optical signal) or 
other type of signal path from a receiving antenna. The input RF signal 422 is feed into 
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the LNA 406, which amplifies the input RF signal 422 and produces an amplified RF 
signal 424 that is capable of driving the mixer 408. The mixer 408 then receives the 
amplified RF signal 424 and mixes it with a frequency reference signal 426 produced by 
the LO 410, where the frequency reference signal 426 has a frequency value that is 
approximately equal to the frequency of the input RF signal 422. The mixer 408 then 
produces a mixed output signal 428 that has been down-converted to approximately 
baseband and may include numerous frequency harmonics. The mixed output signal 428 
is then passed through the combiner 420 to the LPF 412 in the baseband section 404. The 
LPF 412 removes the unwanted frequency harmonics and passes the filtered signal 430 to 
the VGA LNA 414. The VGA LNA 414 adjusts the gain of the filtered signal 430 and 
produces the demodulated output signal 432, which may be passed to other circuitry (not 
shown) or components (not shown) in the direct-conversion receiver. 
[035] The DC-offset Correction System 402 corrects for DC-offset by receiving a 
portion of the demodulated output signal 432 through a feedback signal path 434. The 
demodulated output signal 432 is feed back, via feedback signal path 434, to the 
integrator 416. The integrator 416 may be a RC type integrator that integrates the 
demodulated output signal 432 and produces a feedback signal 436 that is passed to the 
attenuator 418. The attenuator 418 then attenuates the feedback signal 436 and produces 
an attenuated signal 438 that is passed to the combiner 420. The combiner 420 then 
combines the attenuated signal 420 with the mixed output signal 428 and feeds the 
resulting combined signal 440 back into the LPF 412. 
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[036] The optional controller 421 may determine the baseband section 404 gain Aff, 
via control path (not shown) such as system communication bus, and adjust the 
attenuation coefficient kjb, by sending control signals (not shown) to the attenuator 418, 
so that the attenuation coefficient kjb tracks the base baseband section 404 gain Aff. The 
controller 421 may be implemented as a typical microcontroller, microprocessor, 
processor, application specific integrated circuit ("ASIC") and/or digital signal processor 



[037] In FIG. 5, an example implementation of the DC-offset Correction System 
500 within the direct-conversion receiver 502 is shown. The direct-conversion receiver 
502 may include the DC-offset Correction System 500 and a baseband section 504, 
VGA-LNA 506, a mixer 508, and LO 510. The baseband section 504 may include a LPF 
512 and VGA-LNA 514 and the DC-offset Correction System 500 may include an 
integrator 516, attenuator 518, combiner 520 and optional controller 521. The integrator 
516 may include an amplifier 522 (such as an Op Amp) with a pair of capacitors (each of 
value "C") 524 and 526 and a pair of resistors (each of value "JT) 528 and 530 
configured as an integrator. The DC-offset Correction System 502 is a DC feedback 
correction servo-loop capable of producing an attenuation coefficient kjb within the DC 
feedback correction servo-loop with the attenuator 518. 

[038] As an example of operation, the direct-conversion receiver 502 receives an 
input RF signal 532 from an input transmission line (not shown), which may be a strip- 
line, wire, coaxial cable, waveguide, fiber optic line (in the case of a optical signal) or 
other type of signal path from a receiving antenna. The input RF signal 532 is fed into 



("DSP"). 
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the VGA-LNA 506, which amplifies the input RF signal 532 and produces an amplified 
RF signal 534 that is capable of driving the mixer 508. The mixer 508 then receives the 
amplified RF signal 534 and mixes it with a frequency reference signal 536 produced by 
the LO 510, where the frequency reference signal 536 has a frequency value that is 
approximately equal to the frequency of the input RF signal 532. The mixer 508 then 
produces a mixed output signal 538 that has been down-converted to approximately 
baseband typically includes numerous frequency harmonics. The mixed output signal 
538 is then passed through the combiner 520 to the LPF 512 in the baseband section 504. 
The LPF 512 removes the unwanted frequency harmonics and passes the filtered signal 
540 to the VGA LNA 514. The VGA LNA 514 adjusts the gain of the filtered signal 540 
and produces the demodulated output signal 542 which may be passed to other circuitry 
(not shown) or components (not shown) in the direct-conversion receiver. 
[039] The DC-offset Correction System 500 corrects for DC-offset by receiving a 
portion of the demodulated output signal 542 through a feedback signal path 544. The 
demodulated output signal 542 is fed back, via feedback signal path 544, to the integrator 
516. The integrator 516 may be a RC type integrator that integrates the demodulated 
output signal 542 and produces a feedback signal 546 that is passed to the attenuator 518. 
The attenuator 418 then attenuates the feedback signal 546 producing an attenuated signal 
548 that is passed to the combiner 520. The combiner 520 then combines the attenuated 
signal 548 with the mixed output signal 538 and feeds the resulting combined signal 550 
back into the LPF 512. In this example, the combiner 520 subtracts the attenuated signal 
548 from the mixed output signal 538. 
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[040] Additionally, if the baseband section 504 has a forward gain of Ag and the 

attenuator has an attenuation coefficient of kjb (where the magnitude value of kjb is equal 

to or greater than 1) the resulting high-pass transfer function would be described by the 

relationship: 

V s 
y ~~ ff a k 

RC 

where Vi is the input voltage 552 into the VGA-LNA 506, V 0 is the output voltage 554 of 
the baseband section 504, and "s" is the well-known Laplace transform operator, which is 
equal to a + jco. Additionally, the 3 dB high-pass corner frequency for the DC offset 
Correction System 500 would be defined by the following relationship: 

f _ A ff k jb 
j3dB - hp 2nRC ' 

[041] From the transfer function relationship, it is appreciated that the attenuation 
coefficient k^ moves the transfer function high-pass pole, or the corner frequency, to a 

lower value. Therefore, a larger attenuation coefficient k^ results in smaller resistor R 

and capacitor C values for a desired corner frequency. As a result, the DC-offset 
Correction System 500 may be fully implemented on a single IC even when a low corner 
frequency is required such as, for example, in satellite broadcast communication systems 
that might require a corner frequency of approximately 4 kHz. 

[042] The attenuation coefficient k^ is also capable of attenuating the DC offset 
from the feedback integrator section 516 before the combiner 520. Therefore, the system 
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can set the feedback coefficient k^ to reduce the DC offset from the feedback to a value 

that will not saturate the baseband section 504 elements (such as the LPF 512 and VGA- 
LNA 542) even if there is a large gain in the baseband section 504. As such, the 
feedback coefficient kjb allows for DC offset correction of a high-gain baseband section 
504 with one servo-loop rather than several loops because the attenuation coefficient kjb 
compensates for large gain effects from the baseband section 504. 
[043] Furthermore, it is appreciated by those skilled in the art that the introduction 
of the attenuation coefficient kjb provides a general degree of freedom because the 
attenuation coefficient kjb may operate with the forward gain Ajj'm a way that maintains a 
small DC offset settling time for the DC offset servo-loop over a large range of forward 
baseband gain Ajj values through digital coding which may be generated, for example, 
from a VAGC generation circuit (not shown). 

[044] As an example, the attenuation coefficient kjb may be implemented utilizing a 
resistor for a summation with a Sallen-Key RC filter where the attenuation coefficient kjb 
may be implemented by the ratio of the feedback resistor over the resistor in the input 
path as shown in FIG. 6. 

[045] Furthermore, the DC-offset Correction System 500 may also be implemented 
utilizing a continuous-time open-loop integrator instead of the RC integrator 516. An 
example of non-i?C continuous-time open-loop integrator may include a GmC and/or 
MOSFET-C integrator. Therefore, the DC-offset Correction System 500 may be utilized 
for a number applications including DC offset correction of individual blocks. For an 
example of a MOSFET-C integrator, see U.S. Patent No. 6,313,687, issued on November 
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6, 2001 to Mihai Banui, and titled "Variable impedance circuit," which is herein 

incorporated by reference in its entirety. 

[046] Unlike AC coupling, in operation, the DC-offset Correction System 500 does 
not block the signal in the baseband section 504 and thus creates a high-pass operation 
through feedback. The DC-offset Correction System 500 provides a correction for any 
offsets generated by the sub-sections (including the LPF 512 and VGA-LNA 514) in the 
baseband section 504 (i.e., the forward path of the servo-loop of the DC-offset Correction 
System 500), which cannot be done by AC coupling before the baseband section 504. As 
a result, the DC-offset Correction System 500 has a small residue DC offset left at the 
input of each sub-section of the baseband section 504 inside of the servo-loop in the 
forward path. Therefore, any clip level requirements of these sub-sections are more 
relaxed with the DC-offset Correction System 500. 

[047] Without the attenuation coefficient kp, produced by the attenuator 5 1 8 of the 
DC-offset Correction System 500, a conventional servo-loop approach would require a 
large capacitor and resistor to reduce the high-pass corner frequency for typical baseband 
section having large gain. Typically this would increase the cost of the overall receiver 
system because a non-DC-offset Correction System approach would usually require off- 
chip resistors and/or capacitors that would result in extra pins on the IC. 
[048] Therefore, the DC-offset Correction System 500 allows for monolithic IC 
implementation of the direct-conversion receiver 502 with a high gain baseband section 
504 because of the attenuation coefficient kjb produced by the attenuator 518. As such, 
the DC-offset Correction System 500 does not require multiple DC offset servo-loops 
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embedded within the baseband section 504. Moreover, the attenuation coefficient kjt can 

be adjusted to track the baseband section 504 gain Aff in order to maintain a small DC 

offset settling time and a relative constant corner frequency. The optional controller 521 

may determine the baseband section 504 gain Ajf, via control path (not shown) such as 

system communication bus, and adjust the attenuation coefficient kjt, by sending control 

signals (not shown) to the attenuator 518, so that the attenuation coefficient kjt tracks the 

base baseband section 504 gain A ff . The controller 521 may be implemented as a typical 

microcontroller, microprocessor, processor, application specific integrated circuit 

("ASIC") and/or digital signal processor ("DSP"). 

[049] FIG. 7 is a plot 700 showing the overall frequency response for the DC-offset 
Correction System 500 shown in FIG. 5. The plot 700 shows the gain 702 of direct- 
conversion receiver 502 in dB versus logarithmic frequency 704 in Hertz ("Hz"). The 
first trace 706 is the gain of the system without the an offset servo loop, the second trace 
708 shows the gain of the system with an offset servo loop, and the third trace 710 shows 
the gain of the system with attenuation coefficient kjb provided by the attenuator 518. 
[050] 

[051] The processes described in FIGs. 4, 5, and 6 may be performed by hardware 
or software. If the process is performed by software, the software may reside in software 
memory (not shown) in the controller 521 and/or some a removable memory medium 
(not shown). The software in memory may include an ordered listing of executable 
instructions for implementing logical functions (i.e., "logic" that may be implemented 
either in digital form such as digital circuitry or source code or in analog form such as 
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analog circuitry or an analog source such as an analog electrical, sound or video signal), 
may selectively be embodied in any computer-readable (or signal-bearing) medium for 
use by or in connection with an instruction execution system, apparatus, or device, such 
as a computer-based system, processor-containing system, or other system that may 
selectively fetch the instructions from the instruction execution system, apparatus, or 
device and execute the instructions. In the context of this document, a "computer- 
readable medium" and/or "signal-bearing medium" is any means that may contain, store, 
communicate, propagate, or transport the program for use by or in connection with the 
instruction execution system, apparatus, or device. The computer readable medium may 
selectively be, for example but not limited to, an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system, apparatus, device, or propagation 
medium. More specific examples, i.e., "a non-exhaustive list" of the computer-readable 
medium, would include the following: an electrical connection ("electronic") having one 
or more wires, a portable computer diskette (magnetic), a RAM (electronic), a read-only 
memory ("ROM") (electronic), an erasable programmable read-only memory ("EPROM" 
or Flash memory) (electronic), an optical fiber (optical), and a portable compact disc 
read-only memory ("CDROM") (optical). Note that the computer-readable medium may 
even be paper or another suitable medium upon which the program is printed, as the 
program can be electronically captured, via, for instance, optical scanning of the paper or 
other medium, then compiled, interpreted or otherwise processed in a suitable manner if 
necessary, and then stored in a computer memory. 
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[052] While various embodiments of the application have been described, it will be 
apparent to those of ordinary skill in the art that many more embodiments and 
implementations are possible that are within the scope of this invention. Accordingly, the 
invention is not to be restricted except in light of the attached claims and their 
equivalents. The foregoing description of an implementation has been presented for 
purposes of illustration and description. It is not exhaustive and does not limit the 
claimed inventions to the precise form disclosed. Modifications and variations are 
possible in light of the above description or may be acquired from practicing the 
invention. For example, the described implementation includes software but the 
invention may be implemented as a combination of hardware and software or in hardware 
alone. Note also that the implementation may vary between systems. The claims and 
their equivalents define the scope of the invention. 
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